.
These rodents damage fruit trees, primarily apple trees, from late fall through early spring by gnawing phloem and cambium tissues on the main stem and large lateral roots.
Vole damage can result in reduced vigor, lower yields, and higher mortality of apple trees (Sullivan et al., 1980; Richmond et al., 1988) .
Damage by voles can be extensive, and control is costly.
A survey of
American orchardists in 1978 concluded that 123,000 apple trees were killed annually by voles, 37% of which were of fruit-bearing age (Ferguson, 1980) .
In Pennsylvania during the mid-1970s, growers spent four times more on control of voles than on deer and birds combined (Anthony and Fisher, 1977 (Batzli, 1985 (Bee et al., 1981; Keller, 1985) .
Pine voles, in contrast, are considerably smaller, weighing only 0.6 to 0.9 oz. as adults (Miller and Getz, 1969 Although both species will make use of areas under fruit trees, meadow voles also occupy the grassy areas between rows, especially when pine voles are present in the orchard (Cranford and Derting, 1982 (Miller and Getz, 1969 (Getz, 1985) .
Because of their more wide-ranging movements and more general habitat requirements, meadow voles are more likely to infest or quickly recolonize an area.
In addition to differences in habitat use, these two species exhibit different ways of foraging.
Pine voles store food in their subterranean tunnels (Byers et al., 1976 (Anonymous, 1985) . The social system of meadow voles is organized more loosely. Meadow voles are promiscuous, and females are territorial during the breeding season (Madison, 1980; Boonstra and Rodd, 1983 Merson and Byers, 1985 Merson and Byers, 1985 (Byers, 1984 (Conover 1982 (Conover , 1985 , reduced damage by about 68%.
In Illinois, prairie voles, Microtus ochrogaster, lost weight and averted from food containing quebracho (Lindroth and Batzli, 1984 (Ellingwood and Spignesi, 1987 (Harder, 1970 The main problem with fencing is the cost of construction, but the cost can be amortized Decker, 1977, 1979) .
There is much variation in types of fences and their cost and effectiveness.
Temporary electric fences can be used to discourage deer from entering a field (Porter, 1983 (Craven and Hygnstrom, 1987) .
With an electric fence, it is probably worthwhile to pay extra for a powerful electric charger, because the fence has to provide enough of a jolt to discourage the deer from trying to go through the fence again.
Permanent electric fences are usually made of high-tensile fencing; cost, excluding labor, ranges from $0.50-$1.50 per foot (Palmer et al., 1985; Craven and Hygnstrom, 1987 (Palmer et al., 1985; Ellingwood et al., 1985) .
Permanent woven wire fences are very effective in keeping deer out of fields but are difficult to construct and cost $2-4.00 per foot, excluding labor (Craven and Hygnstrom, 1987 A formula can then be used to convert this data to deer numbers (Neff, 1968 Planting of diversionary crops has been suggested as a means of reducing deer damage. The idea is that deer will feed on diversionary crops and leave apple trees alone. Two problems limit the usefulness of this method.
First, the deer population will increase because more will survive the winter and their breeding success will increase because they will be in better condition.
In one study, when supplemental food was provided for 5 years to deer in a 622-acre enclosure, the herd increased from 23 to 159 (Ozoga and Verme, 1982) .
The second problem is that by providing a palatable food for deer, especially during winter, a farmer may attract a higher percentage of the local deer to his orchard (Matschke et al., 1984 (Conover, 1984 (Conover, , 1987 .
In this experiment, 0.025 acre plots were established within large fields of yews.
Some plots were treated with one of the repellents while others were left untreated as a control.
The amount of deer browsing in these plots was monitored throughout the winter. By winter's end, deer browsing was 15% to 46% lower in the treated plots than in the untreated control plots (Figure 3 ).
We further tested the two most effective repellents, BGR and Hinder, by spraying 0.5 acre plots of yews with them (Conover, 1987) . (Byers, 1984 (Davis et al., 1964 ).
Nonetheless, the population size at this site was unaffected, primarily because of increased juvenile survival, higher birth rates, and substantial immigration (Davis et al., 1964) .
Exclusion
Woodchucks may be excluded from small areas by combining a 4-foot high hardware cloth fence buried 10-12 inches with an electric hot-shot wire 4-5 inches high outside the fence (Bollengier, 1983 (Grizzell, 1955; Parker, 1986 (Sullivan, 1986; Sullivan and Crump, 1984, 1986 
